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Trends in New Zealand 
stroke thrombolysis 

treatment rates 
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ABSTRACT
AIMS: To describe trends in treatment delays and short-term outcome over the first 18 months of the New 
Zealand stroke thrombolysis register.

METHODS: The National Stroke Network introduced a central register of all ischaemic stroke patients 
treated with intravenous alteplase on January 1, 2015. The aim was to increase thrombolysis treatment 
rates and drive improvements in safety. 

RESULTS: From January 1, 2015 to June 30, 2016, alteplase was given to 623 patients [344 men, mean 
(range) age 70 (22–98) years] out of a total of 8,857 ischaemic and unspecified stroke patients, giving a 
thrombolysis rate of 7.0%. Between the first and second halves of the audit, there were more patients 
thrombolysed [350 of 4,456 (7.9%) versus 273 of 4,401 (6.8%); p=0.001] and more treated within 60 minutes 
of hospital arrival [137 of 325 (42%) versus 71 of 250 (28%), p=0.001]. Door-to-needle time reduced from 
77 minutes to 64 minutes (p=0.002) and the onset-to-treatment reduced from 162 minutes to 140 minutes 
(p=0.070). Rates of symptomatic intracranial haemorrhage (4.3% patients) and survival at day seven (93%) 
were stable. 

CONCLUSIONS: There have been improvements in stroke thrombolysis rates and treatment delays in New 
Zealand hospitals since the institution of the National Stroke Network thrombolysis register. The Network 
will continue to adjust key performance indicators, and stroke thrombolysis targets for individual DHBs 
have been increased to 8% for 2017 and 10% for 2018.

Thrombolysis with intravenous al-
teplase within 4.5 hours after isch-
aemic stroke onset improves outcomes, 

with greater benefi ts seen with earlier treat-
ment.1 The short therapeutic window means 
that a minority of ischaemic stroke patients 
are treated.2 The National Stroke Network 
introduced the National Stroke Thrombolysis 
Register as a quality improvement initiative 
on January 1, 2015. All stroke thrombolysis 
patients are entered into the register with 
regular reports to clinical and managerial 
staff at individual DHBs, the four regional 
stroke networks and at the annual Stroke 
Thrombolysis Data and Quality meetings. 
National targets for thrombolysis rates and 
treatment delays have been set with the aim 
to support clinicians driving improvements 
in hospital processes and thrombolysis 
rates. This has been the experience in other 
countries where large stroke registries and 
quality improvement efforts have enhanced 
stroke thrombolysis delivery.3 

The fi rst six months of the register showed 
a national thrombolysis rate of 6.4% against 
a target of 6%.2 This is lower than rates 
seen elsewhere, which range from 7% in 
Australia up to 11% in the UK in 2015.4–6 
In-hospital treatment delays were identifi ed 
as an area for improvement.2 We report 
trends in thrombolysis rates, treatment 
delays and short-term outcomes over the 
fi rst 18 months of the register. The aim was 
to determine if there have been improve-
ments in treatment rates, delays and 
short-term outcomes. 

Methods
Data from consecutive ischaemic stroke 

patients treated with intravenous alteplase 
from January 1, 2015 to June 30, 2016 were 
prospectively entered into the National 
Stroke Thrombolysis Register. Information 
recorded included demographic data, treat-
ment-related times (stroke onset, hospital 
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arrival, computed tomography (CT) scanning 
and alteplase bolus) and complications 
of thrombolysis, including symptomatic 
intracranial haemorrhage (sICH). Symp-
tomatic ICH was defi ned as local or remote 
parenchymal haematoma (PH) type II on 
the post-treatment CT scan, combined with 
neurologic deterioration of four points or 
greater on the National Institute of Health 
Stroke Scale (NIHSS) within 24 hours of 
treatment.7 Survival at day seven was the 
major outcome measure. The databases 
were maintained by stroke nurses and 
physicians. Data from each hospital was 
then de-identifi ed and submitted to a central 
co-ordinator on a quarterly basis.

Stroke thrombolysis rates were calculated 
using the number of ‘ischaemic strokes’ and 
‘strokes unspecifi ed’ as denominators, in 
accordance with Ministry of Health throm-
bolysis indicator reporting guidelines. Large 
district health boards (DHBs) were defi ned 
as those with a catchment population of 

more than 250,000 (seven DHBs) people, 
medium-sized DHBs 125,000–250,000 (six) 
and small as less than 125,000 (seven). The 
20 DHBs are arranged into four regional 
stroke networks; the Northern Regional 
Alliance (Northland, Waitemata, Auckland 
and Counties-Manukau DHBs); the Midland 
Region (Waikato, Bay of Plenty, Lakes, 
Tairawhiti and Taranaki); the Central Region 
(Hawke’s Bay, MidCentral, Whanganui, Hutt 
Valley, Wairarapa and Capital and Coast) 
and the South Island Alliance (Nelson-Marl-
borough, Canterbury, West Coast, South 
Canterbury and Southern). 

Statistical analyses were performed using 
Microsoft Excel XLSTAT version 2016.4. The 
Chi square test was used for categorical 
outcomes. Quarterly differences were 
analysed with the Mann-Whitney U test for 
comparison of two groups and the Krus-
kal-Wallis test for three or more groups. A 
test was considered statistically signifi cant 
with a p-value of less than 0.05.

Table 1: Demographics, timing and outcomes of stroke patients treated with intravenous alteplase from January 1, 2015 
to June 30, 2016.

Jan–Mar 
2015

Apr–Jun 
2015

Jul–Sep 
2015

Oct–Dec 
2015

Jan–Mar 
2016

Apr–Jun 
2016

Total

Alteplase (n) 94 85 94 116 106 128 623

Age, mean (range) years 69 
(24–92)

71 
(36–98)

69 
(22–96)

68 
(22–90)

73 
(32–93)

70 
(33–95)

70 
(22–98)

Total strokes* (n) 1,447 1,457 1,497 1,498 1,439 1,519 8,857

Thrombolysis rates (%) 6.5 5.8 6.3 7.7 7.4 8.4 7.0

Onset-to-door time, median 
(IQR) minutes 

77 
(53–111)

70 
(52–90)

65 
(46–90)

64 
(50–109)

70 
(50–105)

75 
(55–121)

71 
(51–105)

Door-to-CT time, median 
(IQR) minutes

31 
(23–42)

30 
(17–39)

33 
(24–44)

30 
(22–43)

27 
(20–41)

28 
(20–37)

30 
(21–41)

Door-to-needle time, medi-
an (IQR) minutes 

77 
(55–105)

73 
(56–103)

76 
(59–104)

67 
(48–90)

66 
(49–95)

64 
(49–89)

70 
(52–97)

Door-to-needle time, ≤60 
minutes

26 of 84 
(31%)

22 of 77 
(29%)

23 of 89 
(26%)

44 of 109 
(40%)

38 of 93 
(41%)

55 of 123 
(45%)

208 of 575 
(36%)

Onset-to-treatment time, 
median (IQR) minutes 

162 
(134–205)

148 
(126–178)

154 
(120–200)

149 
(115–190)

144 
(115–188)

140 
(115–199)

150 
(119–195)

sICH, n of N (%) 3 of 94 
(3.2%)

5 of 85 
(5.9%)

5 of 94 
(5.3%)

7 of 116 
(6.0%)

3 of 106 
(2.8%)

4 of 128 
(3.1%)

27 of 623 
(4.3%)

Alive at day seven, n of N 
(%)

88 of 94 
(94%)

81 of 85 
(95%)

84 of 94 
(89%)

111 of 
116 (96%)

99 of 106 
(93%)

118 of 
128 (92%)

581 of 623 
(93%)

* The denominator used was the number of patients coded as ischaemic or stroke unspecified.
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Table 2: Treatment delays by DHB size from January 1, 2015 to June 30, 2016.

Large** Medium Small Total

Alteplase (n) 416 148 59 623

Total strokes* (n) 5,543 2,258 1,056 8,857

Thrombolysis rates (%) 7.5 6.6 5.6 7.0

Onset-to-door time, median 
(IQR) minutes 

71 
(50–108)

74 
(51–102)

64 
(47–93)

71 
(51–105)

Door-to-CT time, median (IQR) 
minutes

30 
(22–43)

30 
(20–38)

24 
(17–32)

30 
(21–41)

Door-to-needle time, median 
(IQR) minutes 

69 
(49–96)

71 
(56–96)

80 
(58–103)

70 
(52–97)

Door-to-needle time, ≤60 
minutes

149 of 386 
(39%)

44 of 139 
(32%)

15 of 50 
(30%)

208 of 575 
(36%)

Onset-to-treatment time, 
median (IQR) minutes 

150 
(118–197)

150 
(119–190)

155 
(126–190)

150 
(119–195)

Onset-to-door time, ≤3 hours 273 of 403 
(68%)

103 of 145 
(71%)

37 of 53 
(70%)

413 of 601 
(69%)

* The denominator used was the number of patients coded as ischaemic or stroke unspecified.
** Large DHBs (n=7) population >250,000 people
 Medium-sized DHBs (n=6) population 125,000–250,000 people
 Small DHBs (n=7) population <125,000 people.

Results 
There were 623 stroke patients [mean (SD) 

age 70 (15) years, 29% aged ≥80 years, 55% 
male] treated with intravenous alteplase 
over the 18 months from January 1, 2015 to 
June 30, 2016 (Table 1). Of these patients, 
71% were European, 15% Māori, 5% Pacifi c, 
5% Asian and 4% Other. Over the same time 
period, there were 8,857 patients admitted 
to New Zealand hospitals and coded as 
ischaemic stroke or stroke unspecifi ed, 
giving a national stroke thrombolysis rate 
of 7.0%. Patients were more likely to be 
thrombolysed in the second than the fi rst 
nine months of the audit [350 of 4,456 (7.9%) 
patients versus 273 of 4,401 (6.8%); Chi 
squared=9.00, p=0.001, respectively]. Half 
of the patients (50%) were admitted during 
working hours, defi ned as 0800–1700 hours, 
Monday to Fridays (not including holidays) 
and 27% on weekends or holidays. Twen-
ty-seven patients (4.3%) had stroke while 
already in-hospital. 

There was incomplete time data in 26 
(4.2%) of the 623 patients, who were excluded 
from analysis of some of the treatment delay 
measures (Table 1). The median (IQR) door-

to-needle time reduced over the 18 months 
of the audit, from 77 (55–105) minutes in 
January–March 2015, to 64 (49–89) minutes 
in April–June 2016 (p=0.002). Patients were 
more likely to be treated within 60 minutes 
of hospital arrival in the second than the 
fi rst nine months of the audit [137 of 325 
(42%) patients versus 71 of 250, 28%; Chi 
squared=10.99, p=0.001, respectively]. There 
was a non-signifi cant reduction in the stroke 
onset-to-treatment time, shortening from 162 
(120–200) minutes to 140 (115–199) minutes 
(p=0.070). There were no changes in the 
onset-to-arrival or door-to-CT times between 
quarters over the study period. 

Four DHBs thrombolysed more than 65 
patients, three DHBs between 40–65, eight 
DHBs between 10–39 and fi ve small DHBs 
between 1–9 patients over the 18 months. 
The seven large DHBs thrombolysed most 
(416 of 623, 67%) patients (Table 2), with 
Capital and Coast DHB achieving a throm-
bolysis rate of 19.6% in one quarter of the 
audit. Thrombolysis rates increased with size 
of DHB from 59 of 1,056 (5.6%) patients in 
small DHBs, to 148 of 2,258 (6.6%) in medium 
DHBs and 416 of 5,543 patients (7.5%) in 
large DHBs (Chi squared=6.055, p=0.048). 
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The Northern region thrombolysed the 
greatest number of patients (194), followed 
by the Central (161), Midland (140) and South 
Island (128) regions (Table 3). Thrombolysis 
rates were highest at 9.5% in the Central 
region, which also had the shortest median 
door-to-needle time (64 minutes) and treated 
the greatest proportion of patients (44%) 
within 60 minutes of hospital arrival. 

The increasing treatment rates did not 
result in any increase in complications or 
mortality over the six quarters (Table 1). 
Rates of sICH, the most feared complication 
of stroke thrombolysis, remained stable over 
the audit (Chi squared=2.846, p=0.724), and 
was reported in 27 (4.3%) patients, of whom 
eight (30%) had died by day seven compared 
with 5.7% deaths in the 596 patients without 
sICH. Other complications of stroke throm-
bolysis included extra-cranial haemorrhage 
in nine (1.4%) and angioedema in two (0.3%) 
patients. Tenecteplase was given in error to 
two stroke patients, with sICH in one, both 
of whom were alive at day seven. Survival 
at day seven remained stable over the audit 
(Chi squared=4.177, p=0.524), and was 
reported in 93% patients. 

Discussion
This audit has shown that the numbers of 

people treated with intravenous alteplase 
has increased over the 18 months of the 
register. Compared with earlier New 
Zealand studies, stroke thrombolysis rates 
nearly tripled from 3% in 2009,8 to 6.4% 
in mid-2015,9 and 8.4% by mid-2016. The 
effi  ciency of in-hospital processes have 
also improved with reductions in median 
door-to-needle time of 13 minutes and 
onset-to-needle time of 22 minutes. The 
increased thrombolysis rates have not come 
at the cost of increased sICH or short-term 
mortality. While this audit was not designed 
to determine whether the register and the 
targets set by the National Stroke Network 
have driven these improvements, it seems 
reasonable to assume that they have at least 
played a part.

There is room for improvement. Throm-
bolysis rates varied from 2–20% between 
different DHBs. Patients were more likely 
to be thrombolysed if they presented to 
large urban DHBs. The DHB with the highest 
thrombolysis rates was in a small densely 

Table 3: Treatment delays by regional network from January 1, 2015 to June 30, 2016.

Northern Midland Central South 
Island

Total

Alteplase (n) 194 140 161 128 623

Total strokes (n)* 2,927 1,996 1,697 2,237 8,857

Thrombolysis rates (%) 6.6 7.0 9.5 5.7 7.0

Onset-to-door time, median 
(IQR) minutes 

73 
(48–107)

75 
(52–105)

72 
(54–109)

65 
(48–94)

71 
(51–105)

Door-to-CT time, median (IQR) 
minutes

28 
(18–38)

29 
(22–42)

30 
(24–41)

33 
(22–44)

30 
(21–41)

Door-to-needle time, median 
(IQR) minutes 

78 
(57–107)

67 
(55–95)

64 
(41–95)

67 
(51–87)

70 
(52–97)

Door-to-needle time, ≤60 
minutes

51 of 186 
(27%) 

46 of 128 
(36%) 

63 of 142 
(44%)

48 of 119 
(40%)

208 of 575 
(36%) 

Onset-to-treatment time, 
median (IQR) minutes 

166 
(131–212)

151 
(119–195)

140 
(115–188)

135 
(115–171)

150 
(119–195)

Onset-to-door time, ≤3 hours 111 of 190 
(58%) 

89 of 132 
(67%)

114 of 155 
(74%) 

99 of 124 
(80%)

413 of 601 
(69%)

* The denominator used was the number of patients coded as ischaemic or stroke unspecified. 
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populated urban location, while many of 
those with lower rates were in large sparsely 
populated regions. For centres without 
24-hour local stroke specialist access, 
Telestroke, where patients are managed 
by stroke specialists via video-link, has the 
potential to increase thrombolysis rates. 
This has been confi rmed in the yet to be 
published 2016 Central Region Telestroke 
pilot, where an interim evaluation found 
that out-of-hours thrombolysis rates 
increased from 7% to 20% (personal commu-
nication Dr Annemarei Ranta). There is also 
potential to increase out-of-hours throm-
bolysis rates through ambulance bypass 
to a single afterhours thrombolysis centre, 
which is currently being considered in the 
Northern Region.

It is important that DHBs and regional 
stroke networks work towards reducing 
stroke onset to thrombolysis treatment 
times. The sooner alteplase can be admin-
istered, the greater the chance of a patient 
having an improved outcome. Every 
10-minute delay in starting alteplase 
results in one less patient with improved 
outcome for every 100 patients treated.10,11 
Treatment delays can be broadly divided 
into those which occur before and after 
hospital arrival. Approximately half of the 
onset-to-treatment time delays occurred in 
the pre-hospital phase. The median door-
to-needle time of 64 minutes compares 
favourably with 65–75 minutes reported in 
large international registries.12,13 However, 
the register showed that only 43% of patients 
were thrombolysed within a door-to-needle 
time of 60 minutes, which is lower than the 
Brain Attack Coalition target of treating at 
least 80% of patients within this timeframe.14 

Multiple community and organisational 
changes can shorten treatment delays.15 
The nationwide Face Arm Speech Time 
(FAST) media campaign launched in June 
2016 aimed to raise public stroke awareness 
and reduce hospital presentation times. 
It is crucial that DHBs and regional stroke 
networks work in a coordinated way with 
ambulance services to reduce treatment 
times. This includes staff education 
programs and pre-notifi cation via a ‘Code 
Stroke’ contact system (currently in place 
in 13 DHBs), where ambulance staff alert a 
rapid response stroke team about potential 
thrombolysis candidates. Patients can 

be met at the door, quickly assessed and 
directly transferred to the CT scanner where 
thrombolysis candidates should be given 
imaging priority. Stroke thrombolysis kits 
can be kept in the emergency department so 
that alteplase can be made up and the bolus 
delivered as soon as intracranial haemor-
rhage has been excluded. Such measures 
can result in alteplase treatment starting 
22–28 minutes sooner.3,16 

The increased numbers of stroke patients 
thrombolysed, and the reductions in 
treatment delays, have not resulted in an 
increase in complications through rushed 
assessments. Rates of sICH, day seven 
mortality and other complications were 
stable over the register period. However, it 
is of concern that two patients were treated 
with tenecteplase. Safety campaigns have 
since been instituted to mitigate such risks, 
including clinician education, the use of 
designated stroke thrombolysis kits and 
an advocacy for supervision from senior 
medical offi  cers (SMOs). 

The register has a number of limita-
tions. We were reliant on the individuals 
completing the database for its accuracy, 
with no resources available to support 
the external review of the thrombolysed 
patients. We cannot exclude the possibility 
that increasing thrombolysis rates are due 
to greater compliance with the register. 
However, while the register has only been in 
place since 2015, DHBs have been reporting 
thrombolysis rates to the Ministry of Health 
since 2011, so there is some familiarity 
with this type of reporting. It is possible 
that complications such as sICH have 
been under-reported. sICH also requires a 
degree of expertise in interpreting clinical 
and imaging data, and there may have 
been inconsistencies in how defi nitions 
were applied. These issues are addressed 
in regional stroke update days and the 
national thrombolysis database meetings. 
A functional scale such as the modifi ed 
Rankin Scale at three months would be a 
better measure of outcome than survival 
at day seven. However, the database is 
completed by clinicians in 20 very different 
DHBs, and a decision was made to keep the 
information recorded as simple as possible, 
and achievable within currently available 
clinical resources. The reasons for any 
DHB or regional variations have not been 
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determined in a systematic way. These are 
issues that can be explored as the database 
develops over time. 

The National Stroke Network set a target 
thrombolysis rate for individual DHBs of 
6%. The target was exceeded nationally 
with those with higher thrombolysis rates 
making up for those with lower rates. The 
target was not meant to be aspirational but 

was set to be achievable by the majority of 
DHBs. The aim was to encourage improved 
thrombolysis rates over time, bearing in 
mind that rates of 20% have been achieved 
nationally and internationally. The Network 
is continuing to adjust key performance 
indicators, and stroke thrombolysis targets 
for individual DHBs have been increased to 
8% for 2017 and 10% for 2018.
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